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Crystalline materials for
optoelectronics
Professors Antoni Rogalski and Jaroslaw
Rutkowski from the Institute of Applied
Physics, Military University of Technology in
Warsaw, Poland report on the Third
International Conference on Solid State
Crystals (ICSSC) – Materials Science and
Applications, which was held in Zakopane,
Poland last year.  The Conference has been
held every two years for over 25 years, slowly
becoming international in its character. Since
1998 it has become the main forum for pres-
entation and discussion of recent develop-
ment in the field of solid state crystal technol-
ogy, investigations and characterisation in the
region of East and Central Europe. Poland’s
central location in Europe and convenient
transport connections facilitated an organisa-
tion of representative meetings of scientists
from different research centres and universi-
ties. The conference has expanded to five main
headings: crystal growth; characterisation
and applications of solid state materials;
nanostructured materials and films; optoelec-
tronic devices; organic materials for electron-
ics. The conference theme of material science
and application, demonstrated the value and
connection of new trends in science and tech-
nology of crystal growth across disciplines
and interests, attracting about 140 partici-
pants from 10 countries, out of more than 155
presented papers including 20 invited lec-
tures, 27 oral presentations and 108 posters.
Crystal growth
During the session devoted to bulk materials
Shintaro Miyazawa of ShinkoshaH Co. Ltd. (Japan)
briefly reviewed typical oxide crystals developed
in the past three decades from the viewpoint of
crystal functionality and optical crystals  in use in
information technology (IT).The impetus of  IT
has opened the door to developing new crystals,
such as birefringent crystals, optical nonlinear
crystals, quasi-phase matched crystals for frequen-
cy conversion devices and high efficient solid
state laser materials doped with Yb3+. In addition,
“substrate” is one of the functions of oxide crys-
tals, indispensable for heteroepitaxial thin film
devices. So, new substrate crystals are expected,
especially for GaN-based optoelectronic/micro-
electronic devices.Well-known sapphire Al2O3 for
which single crystal growth techniques have been
established, is now in practice the epi-substrates of
GaN-based violet/blue LEDs/LDs. By X-ray transmis-
sion Laue topography, the distribution of disloca-
tions in wafers grown by different growth tech-
niques were detected and it was noticed that the
crystals grown by Kyropoulos and HEM tech-
niques were excellent.
Solidification using a baffle in sealed ampoules
(SUBSA) will be the first materials science experi-
ment conducted in the Microgravity Science
Glovebox Facility at the International Space
Station Alpha.Ten Te and Zn-doped single crystals
of InSb will be directionally solidified.The results
of ground based tests and numerical modeling
was presented by Aleksander Ostrogorsky of
Rensselaer Polytechnic Institute (USA). A key
goal of the SUBSA investigation is to clarify the
origin of the melt convection in space laborato-
ries and to reduce the magnitude of the melt
motion to the point that it does not interfere
with the transport phenomena.These goals will
be accomplished through a special ampoule
design shown in Fig. 1. Furthermore, the solidifi-
cation will be visualised by using a transparent
furnace, with a video camera, continuously send-
ing images to the earth.This will allow the detec-
tion of bubbles and melt de-wetting that could
cause surface tension driven convection.
A. Rogalski and
J. Rutkowski
Solid State Crystals
Fig. 1. Special ampoule
design for solidification using
a baffle in sealed ampoules
(SUBSA)
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Mark Ramm of Ioffe Physical-Technical Institute
reviewed the key aspects of sublimation growth
of wide-bandgap semiconductors, such as SiC,AlN,
and GaN. He also examined the modelling as a
useful tool in solutions of the problems arising in
practice. For example, Fig. 2 shows the tempera-
ture distribution and the flow pattern in the
growth process of AlN. Future progress in wide-
bandgap semiconductor technology is hidden pri-
marily by the lack of homoepitaxial substrates
suitable for the epitaxy of device-quality het-
erostructures. In contrast to other semiconduc-
tors, the wide-bandgap materials cannot be grown
from the melt and require other approaches main-
ly based on the sublimation techniques.
Inorganic borate crystals are well known for their
short-wavelength capabilities in the frequency
conversion of high-power laser light. Recent
advances in the growth and characterization of
new crystals for short-wavelength generation was
detailed by Douglas Keszler of Oregon State
University (USA). N-type materials such as ZnO
and Sn:In2O3 find widespread application as trans-
parent conductors. Utility of films of these materi-
als, however, is generally restricted to electrical
applications.To extend the applicability of such
thin films to electronics, new p-type transparent
conductors must be developed. Recent results in
thin-film growth and study of visible- and IR-trans-
parent conducting films was presented.
Irina Voronina of Laser Materials and Technology
Research Center of GPI (Russia) was concerned
with the growth of barium tungstate (BaWO4)
crystals from the melt using modified Stepanov
technique and Czochralski method. Each of these
methods has its advantages and disadvantages for
obtaining BaWO4 connected with structure and
physical-chemical properties of the material.The
influence of growth conditions on real structure
and optical quality of profiled and Czochralski
grown BaWO4 was investigated. It was estimated
that formation of profiled crystal depends on such
parameters as type of dye, flatness of crystalliza-
tion front, absence or presence of crystal rotation,
pulling rate, melt composition, and melt overheat-
ing. Bulk-profiled BaWO4 crystals were very sensi-
tive to the temperature regime of growing and
had strong tendency towards cracking.They
appeared as a new promising nonlinear material
for crystalline nano- and picosecond Raman lasers.
Characterisation of 
crystalline materials
Progress in basic research on materials science
strongly depends on the development of power-
ful analytical techniques which provide us with
all necessary structural and microstructural infor-
mation. From the fundamental point of view a
material is characterized by its atomic and elec-
tronic structure.Three different analytical
approaches are distinguished for the characteri-
zation of the microstructure: microscopy, spec-
troscopy and diffraction.
Asta Richter of University of Applied Sciences
Wildau (Germany) used scanning force
microscopy to image different growth modes of
thin films.The deposition of C60 molecules was
studied in more detail and compared with com-
puter simulations.The coverage of the first mono-
layer on a Si (100) surface shows clearly four and
six-fold coordinated C60 molecules. Molecular
dynamics calculations indicate that epitaxial
growth depends on the orientation of the sub-
strate surface and the deposition temperature.The
C60 film growth on mica and glass substrates rep-
resents two different growth modes resulting in
flat fractal patch-like pattern on mica and typically
spherical islands on glass. Monte Carlo simulations
with diffusion of particles within the clusters and
motion of the clusters themselves can explain
those growth modes for example, but Fig. 3(c)
shows computer simulation of diffusion limited
aggregation on a hexagonal grid.
Boguslaw Mróz of A. Mickiewicz University,
Poznan, Poland  presented the results of Brillouin
scattering on the surface phonons propagating in
three different ferroic crystals: GMO, LCS and
RLHS in the temperature ranges covering their
phase transitions. Literature does not provide
information concerning the surface phonons in
these materials, mostly because the surface
Solid State Crystals
Fig. 2 shows the temperature
distribution and the flow 
pattern in the growth process
of AlN
“To extend the
applicability of
such thin films to
electronics, 
new p-type
transparent 
conductors must
be developed.”
pp43-47.qxd  01/08/2003  14:37  Page 44
III-Vs REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOL 16 - NO 6 - AUGUST 2003 45
C O N F E R E N C E  R E P O R T
Brillouin spectroscopy was used to study the sur-
face acoustic waves in opaque materials like
semiconductors and metals in which the light
penetration depth is relatively small, which makes
the experiment much easier to perform.The main
aim of these studies was to investigate the way
the phase transitions, accompanied by strong
anomalies of the elastic properties of the crystal,
were manifested on the surface.
Most of papers devoted to characterization tech-
niques were presented at the poster sessions.
The objective of Anna Piotrowska of Institute of
Electron Technology,Warsaw (Poland) was to
develop thermally stable metallization systems
suitable for high temperature GaAs- and GaN-
based electronics.Thin films of titanium, zirconi-
um and niobium nitrides were deposited by reac-
tive magnetron sputtering.Transition metal
nitrides, presenting an exceptional combination
of properties like low resistivity, high melting
point and resistance to corrosion, are considered
as good candidates for thermally stable contacts.
Microstructural analysis was performed using
secondary ion mass spectrometry, X-ray diffrac-
tion, and atomic force microscopy. From among
nitride compounds under the study, only TiN
exhibited crystalline microstructure in as-deposit-
ed state. Both ZrN and NbN were amorphous.
For all three semiconductor substrates, the high-
est thermal stability was obtained with the use of
NbN metallization, slightly lower – for ZrN, while
the lowest was observed for TiN contacts.
Optoelectronic devices
Many of the presentations described improve-
ments in the performance of optoelectronic
devices, especially optical sources. Single element
performance of quantum cascade lasers (QCL) has
come a long way over the past few years.Three
important parameters are charted in Fig. 4. Even at
today’s performance levels, with the proper pack-
aging, QCL arrays should be capable of generating
substantial peak powers at reasonable (>5%)
power conversion efficiency. High duty cycle
operation with high average power at most wave-
lengths still remains a challenge. Further, while
pulsed mode operation at high duty cycle can be
useful, a continuous wave source will enable us
the widest range of applications.
Manijeh Razeghi of Northwestern University
(USA) gave a brief summary of the technological
development and state-of-the-art performance of
QCL grown by GasMBE.The key technologies for
demonstrating high power of QCLs have been
explored. It was shown that, for strict control of
material and fabrication technology, peak power
in excess of 7W was possible from a single
20mm wide aperture.While lattice-matched lay-
ers can be used at longer wavelengths, strain-bal-
ancing has been shown to be a viable technique
for realizing shorter wavelength QCLs. The high
conduction band offset decreases thermal leak-
age and allows for higher duty cycle operation.
The most straightforward example of this was an
average power of >250mW from λ = 6 µm laser.
The InNxAs1–x alloy is a very promising, even
though almost completely unexplored, material
for mid-infrared (2–8µm) wavelength range
emitters and detectors. As with other dilute
nitrides, the InNxAs1–x bandgap was predicted
to shrink with increasing nitrogen content.
Marek Osinski of University of New Mexico
(USA) extended this range considerably to x ≈
18%. InNxAs can be lattice-matched to GaAs
when x ≈ 38%.The large band offset between
InNAs wells and GaAs barriers makes it particu-
larly attractive for increasing the 
maximum temperature of cw operation and
reducing temperature sensitivity of mid-IR
Solid State Crystals
Figs. 3(a) and 3(b) show scan-
ning image of the initial
stages of growth of a gold
film on Ru{0001} and NaCl
crystals grown on glass at
room temperature. Fig. 3(c)
shows computer simulation
of diffusion limited aggrega-
tion on a hexagonal grid.
(a)
(b)
(c)
“InNxAs1–x alloy
is a very 
promising, even
though almost
completely 
unexplored,
material for 
mid-infrared
(2–8µm) 
wavelength
range emitters
and detectors.”
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lasers. He has succeeded in growing InNAs on
GaAs by MOCVD, using for the first time
dimethylhydrazine (DMHy) as a nitrogen
source. High quality of InNAs/GaAs MQWs was
confirmed by cross-sectional TEM. Clear photo-
luminescence signals ~7µm, with FWHM nar-
rowing down to ~2µm, were observed up to
160 K.The peak emission wavelength of ~6.5
µm was the longest reported so far for dilute
nitride semiconductors. It is also very promising
for widely tunable mid-IR lasers.
Maciej Bugajski of Institute of Electron
Technology (Poland) reviewed the current status
of VCSEL technology with a special emphasis on
work which has been done in his laboratory. He
also discussed the physics underlying the opera-
tion of surface emitters;VCSELs and resonant
cavity LEDs with new results concerning quan-
tum dot (QD) emitters.The low threshold lasing
at room temperature was demonstrated in
InGaAs quantum dot lasers in 1994.That date
marks the beginning of the era of quantum dot
lasers as practical devices. In comparison with
quantum well lasers, quantum dot devices have
many attractive features. In particular, lasing
thresholds of long-wavelength (1.3µm) GaAs-
based QD diode lasers have been found to be
considerably lower than those of conventional
diode lasers emitting in this wavelength range.
The French aerospace agency is involved in the
realisation of compact solid-state coherent
sources, such as optical parametric oscillators
(OPO), using new materials, such as highly non-
linearly efficient semiconductors (ZnSe, GaAs or
InP). However, since these materials are optically
isotropic, they require new phase-matching tech-
niques. Riad Haïdar of ONERA (France) reported
the quasi-phase matched difference frequency
generation in isotropic semiconductors using
total internal reflection. He made use of large
Fresnel birefringence at reflection between the
signal and idler wave outputs of an OPO. Large
tunability (between 8 and 13 µm) was demon-
strated.Agreement between theoretical expecta-
tion and experimental results was excellent.
Development of HgCdTe epilayers growth tech-
nology on GaAs substrates and technology of fab-
ricating infrared detectors on the basis of these
HgCdTe epilayers were studied by Sergei
Dvoretsky of Siberian Branch of Russian Academy
of Sciences. Multi-chamber MBE installation for
growth of HgCdTe epilayers on GaAs or Si sub-
strates up to 4” in diameter with precise control
of film quality in situ solves many problems con-
nected  with  producing high uniformity HgCdTe
composition over the surface area and the com-
position’s control throughout the thickness.The
technological processes based on developed
1996 1997 1998 1999 2000 2001 2002
0
2
4
6
8
10
12
14
16
Th
re
sh
old
 C
ur
re
nt
 
De
ns
ity
 
(kA
/cm
2 )
Year
T= 300 K
1.4 kA/cm2
1996 1997 1998 1999 2000 2001 2002
-0.5
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
Pe
ak
 
Po
w
er
 
(W
 
pe
r 
fa
ce
t)
Year
T= 300 K 75 periods
100 periods
1996 1997 1998 1999 2000 2001 2002 2003
0
50
100
150
200
250
Av
er
ag
e P
ow
er
 
(m
W
/ fa
ce
t)
Year
T= 300 K
75 periods
cw
      Center For Quantum Devices
      Bell Laboratories
      Univ. of Neuchâtel
 
Solid State Crystals
Three important parameters of
single element performance of
quantum cascade lasers (QCL)
are charted in Fig. 4. 
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investigations into defect formation mechanisms
and their nature, including electrically ones,
allows growth of HgCdTe heterostructures with
the carrier concentrations, mobility’s and life-
times  needed to produce and develop new gen-
erations of multi-element, large size infrared
detectors operated at wide wavelength range
(including atmospheric windows 3-5µm and 8-14
µm) and at different temteratures.
II-VI compounds
For the first time the ICSSC conference was held
simultaneously with European Material Research
Society Symposium Solid State Solutions of the II-
VI Compounds – Growth, Characterization and
Applications.The common session of these two
conferences was dedicated to II-VI compounds.
The first lecture was given by Marcel Van de
Voorde, from the University of Technology Delft
(The Netherlands), on modern high-tech materials
such as smart materials, biomaterials, and nanoma-
terials.The “revolutionary”approach to searching
for new materials and phenomena is needed,
rather than an incremental, “evolutionary” route.
An example of this is in a question posed  by
Tomasz Dietl of the Institute of Physics, Polish
Academy of Sciences, on  “Why ferromagnetic
semiconductors?”
Recent advance in the field of carrier-controlled
ferromagnetism in tetrahedrally coordinated dilut-
ed magnetic semiconductors and their nanostruc-
tures was reviewed with the focus on the phe-
nomena important for prospective spintronic
devices. Recent progress in searching for semicon-
ductors with Tc above room temperature and
hopes associated with materials containing mag-
netic ions other that Mn was presented.
Control of ferromagnetism in Cd1–xMnxTe quan-
tum wells (QW) was analysed by Segre Tatarenko
of the Laboratoire de Spectrometrie Physique,
CNRS-Universite Joseph Fourier, Grenoble
(France).The ability to control the properties of
magnetic materials would be highly desirable
from fundamental and technological viewpoints,
particularly in view of recent development in
magneto-electronics and spintronics. Diluted mag-
netic semiconductors, where ferromagnetic inter-
actions are mediated through free carriers, are
particularly attractive since they offer the possi-
bility of modulation of magnetic properties by
modulating the carrier density. Mn in II-VI semi-
conductors is isoelectronic and does not intro-
duce any carriers. Hence, hole mediated ferro-
magnetic interactions can be induced by modula-
tion doping of heterostructures. He shows that
doping (and induced ferromagnetism) of a
CdMnTe QW can be controlled by applying an
electric-field to a p-i-n diode structure or by
approaching the QW to the external surface.
Doping from the surface states can be as effective
as the usual modulation doping with nitrogen.
This last new way of doping increases the possi-
bilities of controlling carrier-induced ferromag-
netism in quantum wells.
Contact:
A. Rogalski and J. Rutkowski, Institute of Applied
Physics, Military University of Technology
Kaliskiego Str. 2, 00-908 Warsaw, Poland
Tel/Fax: +48-22-683 9109 E-mail:
rogan@wat.edu.pl or rutek@wat.edu.pl
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